ABSTRACT
We tested the hypothesis that endometriosis can be induced in baboons more successfully by intra-pelvic injection of the pellet of menstrual endometrium when compared to its supernatant. Menstrual endometrium, separated into pellet (n = 5) and supernatant fractions ( n = 8), or phosphate buffered saline (1 ml, n = 7, controls) was injected laparoscopically into the pelvis. During laparoscopy 25 days later, the number (p = 0.027) and surface area (p <0.0001) of endometriosis-like lesions were significantly higher in the pellet group, than in the supernatant group, or in the control group. Histological typical endometriosis was present only in the endometrial pellet group (1/15), whereas stromal endometriosis was observed in both the pellet group (6/15), and the supernatant group (6/20). Peritoneal endometrial like glands were observed in both the endometrial pellet group (3/15) , and in the supernatant group (1/20) . In conclusion, we confirmed our hypothesis that endometriosis can be induced in baboons more successfully by intrapelvic injection of the pellet of menstrual endometrium when compared to its supernatant.
INTRODUCTION
Endometriosis is a gynaecological disease characterised by the presence of endometrial -like glands and stroma outside the uterine cavity. The clinical presentation depends on the location (peritoneal, ovarian or rectovaginal) and the extent of the disease. Clinical symptoms may include but are not limited to cyclic pelvic pain, dysmenorrhea, dyspareunia and infertility (1) . The natural process of disease development is still poorly explored. Although the aetiology is not precisely known, endometriosis is proposed to occur when refluxed endometrial cells end up into the peritoneal cavity during menstruation (2) . It has long been known that the menstrual effluent contains viable sloughed endometrial cells that are able to survive and implant (3, 4) . Retrograde menstruation is believed to contribute significantly towards the development of endometriotic lesions (2) . However, previous studies have reported a low prevalence and quantity of endometrial cells in peritoneal fluid (PF) during menstruation (5;6) and a high (80%) rate of adhesion between endometrial cells and autologous peritoneum in vitro (7), both in women with and without endometriosis. These data suggest that the development of endometriosis may be influenced by other factors in menstrual flow other than endometrial cells in peritoneal fluid. Indeed, according to the induction theory, endometriosis may be caused by peritoneal metaplasia, possibly induced by substances that are present in peritoneal fluid at the time of menstruation (8;9;10). Metaplasia may play a pivotal role in disease development (11;12;13), and menstrual effluent can induce severe morphologic alterations in cultured mesothelial cells in vitro (14), but the induction theory has never been tested in a preclinical relevant animal model like nonhuman primates.
In baboons, endometriosis can be successfully induced surgically by intrapelvic injection of menstrual endometrium (15), allowing the investigation of the in vivo interaction between menstrual endometrium, peritoneum and peritoneal fluid in the pathogenesis of endometriosis. According to the Sampson hypothesis, it is assumed that this induction process is caused by the cellular fraction of injected endometrium (2) but it is also possible that the supernatant component plays a role in the induction process (8). The aim of this study was to test the hypothesis that intrapelvic injection of the pellet part of menstrual endometrium has the capacity to induce endometriosis more successfully than intrapelvic injection of the supernatant part of menstrual endometrium in baboons.
MATERIAL AND METHODS
A total of 20 adult female baboons (Papio Anubis), captured in the wild and kept in captivity at the Institute of Primate Research (IPR, Kenya) were used in the study. The animals were all kept in quarantine for 3 months during which period they were screened for tuberculosis , simian T-lymphotrophic Virus -1 and simian immunodeficiency Virus. They were housed indoors with natural lighting in group cages and fed on commercial food pellets with fruits and vegetable supplementation three times a week and water ad libitum. All animal procedures and care had been conducted in accordance with the Institute of Primate Research standard operating (Group 1)  2852  21  331,75  8  II  2945  31  108  6  II  2955  25  192,25  8  II  2753  21  82,75  4  I  2804 
Induction of endometriosis
Anaesthesia and laparoscopies were carried out as described previously (16), and an overview of all laparoscopies and biopsies is shown in Figure 1 . The induction laparoscopy was performed on the first or second day of menstruation. During this laparoscopy all animals were screened for the presence of pelvic abnormalities and found to have a normal pelvis. Transcervical curettage with a Novak curette was performed as previously described (15). Endometrium (1000±250mg) obtained by transcervical curettage during the first 2 days of menstruation was separated into pellet and supernatant by spinning at 2400rpm for 10 minutes. The baboons were divided into three groups according to the material used for intrapelvic seeding: endometrial pellet group (n=5), endometrial supernatant group (n=8) and control group, seeded with phosphate buffered saline (PBS, 1ml, n=7). These materials were seeded under laparoscopic vision using an 18-gauge needle, as reported previously (15). Induction sites were standardized to the uterovesical fold, urinary bladder, pelvic walls, anterior side of broad ligament, uterus and the pouch of douglas. The ovaries were excluded to prevent extensive development of tubal/ovarian adhesions, which could impair the inspection at follow-up laparoscopies.
Part 1: Videolaparoscopy after 1 day post induction
In the first part of the study, 5 baboons (3 from the endometrial supernatant group and 2 from the PBS group) received a videolaparascopy 1 day after induction to detect endometrial implants and, if present, to stage the extent of induced endometriosis according to type, localisation and size (length x width x depth) ( Figure 1 ). This was done because it was not known whether the intrapelvic seeding of endometrial supernatant or PBS could result in endometriosis and it was felt to be important to document the pelvic status as soon as possible after induction. Baboons from the endometrial pellet group did not receive this laparoscopy since it was expected that they would certainly develop endometriosis, based on our previous work that the endometriosis induction rate after intrapelvic seeding of endometrium is 100% (15) and our current hypothesis that this induction success can be explained by peritoneal attachment of the cellular component of endometrium. A pelvic map was made with systematic photographic documentation of the pelvis during the laparoscopy. Representative biopsies (n = 14) of endometriotic lesions were collected from baboons in the endometrial supernatant group (n=8 from 3 baboons) and PBS group (n=6 from 2 baboons), and fixed in formalin for histological analysis. These baboons did not participate in part 2 of the study.
Part 2: Videolaparoscopy after 6 and 25 days post induction
In the second part of the study, videolaparoscopies were performed after 6 and 25 days post induction on 15 baboons that had not participated in Part 1 of the study (endometrial pellet group, (n=5); endometrial supernatant group, (n=5); PBS group, (n =5) to stage the extent of induced endometriosis after induction according to type, localisation and size ( Figure 1 ). The internal genitalia and pelvic peritoneum were evaluated for the presence of endometriosis as previously described (16). A detailed pelvic map was made with systematic photographic and video documentation of the pelvis and endometriosis lesions were documented according to size (dimensions Length x width x depth), type and localisation. Endometriotic lesions were defined as white plaques with pigmented spots and red lesions included red-orange vesicles. Endometriotic lesions were characterised according to phenotype (red and white lesions), surface area and localisation. Red lesions were grouped as red vesicular, red hemorrhagic, red polypoid or red-white plaques. White lesions were divided into white plaques, white nodules or white clear vesicles. The extent of endometriosis was classified according to rAFS score system (17) after modification for baboon size (Table 1) . Adhesions caused by individual endometriotic lesions were characterized either as dense or filmy, and the exact localisation of attachment and type of lesion causing the adhesion was documented. Endometriosis related adhesions involving ovary, fallopian tube and cul-de-sac were noted separately and graded according to the revised classification system of the American Society for Reproductive Medicine (18). The surface area of an endometriotic lesion (and an endometriotic lesion-related adhesion) was determined by multiplying length (mm) x width (mm) and to calculate the revised American Fertility Society (rAFS) score and stage (Table 1) , adapted for the baboon (15). No biopsies were taken at the laparoscopy 6 days post induction. During the laparoscopy performed 25 days after induction, 30 biopsies of endometriotic lesions were surgically obtained for histopathological confirmation of the disease from baboons in the endometrial pellet group (n=15 from 5 baboons), the endometrial supernatant group (n=12 from 5 baboons) and the PBS group (n=3 from 2 baboons), snap frozen in liquid nitrogen and stored at -80° C.
Histology
All 44 biopsies (Part 1: 14 paraffin-embedded biopsies; Part 2: 30 frozen biopsies) were serially sectioned (7µm thickness). Four serial sections were placed on silanecoated slides and every second subsequent slide was stained with hematoxylin and eosin for assessment. The rest of the slides were either kept frozen at -20 °C or were stored at room temperature in case of formalin fixed biopsies. This method of sectioning allowed every 28 µm of the biopsies to be stained. Based on the assumption that the smallest endometriotic lesion detectable at laparoscopy measures about 50µm in women (19), it is reasonable to state that, using this approach, all potentially detectable lesions could be identified using our approach. Typical endometriosis was defined as the presence of both endometrial glands and stroma in biopsies of suspected endometriotic lesions (20). Stromal endometriosis was defined as the presence of endometrial stromal cells only (20;21). Peritoneal endometrial-like glands were defined to be present if we observed epithelial structures without surrounding stroma containing a dilated glandular structure lined by columnar epithelium, suggestive for mullerian type epithelium (20;22).
In the first phase 100 serial sections of 7 µm thickness were prepared either from frozen biopsies (n = 30) using Cryostat HM 560 (Microm International, Merelbeke, Belgium) at -30 0 C or from each paraffin embedded biopsy (n = 14) using Leica Microtone (Type 2055 Autocut, Nussloch, Germany). The stained sections were examined under the light microscope (Leica DMLB, Wetzlar, Germany) for the presence of endometrial glands and stroma by 2 investigators (CMK and TMD) and results were confirmed independently by a senior pathologist (Prof Dr Philippe Moerman, MD, PhD). Additional serial sectioning was done for 33 biopsies (frozen (n = 22) and formalin fixed (n = 11)) that were histologically negative for typical or stromal endometriosis after initial sectioning, in the first phase, until they were histologically positive or until the biopsies were completely sectioned.
Immunohistochemistry
In 7 biopsies showing stromal endometriosis, obtained from baboons induced with either endometrial pellet (n = 2) or endometrial supernatant (n = 5), immunohistochemistry was performed to confirm the presence of endometrial stromal cells using CD10, an endometrial stromal marker (23;24). Representative paraffin embedded tissue (n = 4) sections were preheated for 2 hours at 55 0 C, deparaffinized in toluene and rehydrated in ethanol. Tissue sections were retrieved in 0.01M Citrate buffer pH 6 for 1 hour at 80 0 C. Frozen sections (n = 3) were used without antigen retrieval. Immunostaining was performed using a peroxidase NovoLink Polymer detection system (Novocastra, Newcastle Upon Tyne, UK) with minor modifications. Briefly endogenous peroxidase activity was neutralized using peroxidase block for 30 minutes followed by washing using 50mM Tris-buffered saline pH7.6 (TBS) for 5 minutes. Sections were incubated with protein block for 30 minutes and washed in TBS twice for 5 minutes. A mouse monoclonal antibody raised against human CD10 (1:100 dilution; Novocastra, Newcastle-upon-Tyne, UK) was used as primary antibody and incubated for 2 hours at room temperature. Subsequently, tissue sections were washed in TBS and blocked with post primary block for 30 minutes at room temperature followed by washing using TBS for 5 minutes. Incubated with Novolink polymer for 30 minutes and peroxidase activity was detected by 3, 3′-diaminobenzidine tetrahydrochloride (DAB) as the chromogen and Harris' haematoxylin used for counterstaining. Sections incubated without the primary antibody were included as negative control in all experiments while small intestine was used as the positive control. All slides were examined using a light microscope (Leica DMLB, Wetzlar, Germany).
Cytological analysis of endometrial supernatant and pellet
Since all endometrial tissue, including both supernatant and pellet, was used for induction in this study, no tissue was left over for cytological analysis. In order to test the hypothesis that endometrial supernatant does not contain endometrial cells, we analysed the cytological content of these tissues in an additional and independent study done in 4 baboons. Endometrium obtained by transcervical endometrial biopsy during day 1 (n=.2.) or day 2 (n=.2.) from 4 baboons (Papio Anubis, mean ± SD weight:13.6±1.03; median: 13.25; range:12.8 -15.1), was centrifuged at 2400 rpm for 10 minutes to obtain a separate fraction of endometrial supernatant and endometrial pellet, using exactly the same protocol which had been used to treat the endometrium prior to intrapelvic injection in the main part of this study.
Separate smears of the endometrial pellet and endometrial supernatant fractions were made on microscopic glass slides. Firstly, the menstrual endometrial supernatant fraction was used to make smears after complete aspiration with special care ensuring that the tip of the pipette did not touch the menstrual endometrial pellet fraction at all. Secondly, the menstrual endometrial pellet fraction was aspirated and used for making smears. Smears were prepared from a small drop aspirated from either menstrual supernantant or menstrual pellet fraction and placed on a glass slide. Smears were made using another slide laid on top of the drop and pulled apart quickly as the drop spreads from the weight of the slide. Cytological smears were fixed in 10% buffered formalin or acetone for 15 minutes for papanicolaou smear staining. The papanicolaou smear staining procedure was used on slides by first staining with haematoxylin, which stains the nuclei followed by counterstaining with OG-6 (orange g stain) and EA-50 (Multiple polychrome stain).
Statistical analysis
Results are expressed as median and range. The differences between groups, endometrial pellet group, endometrial supernatant group and PBS group was tested for statistical significance using one way analysis of variance (non-parametric) (Kruskal-Wallis) followed by Dunn's nonparametric t-tests and nonparametric Student t test (Mann-Whitney), Fisher Exact test where appropriate. A P value <0.05 was considered to be statistically significant. Statistical analysis was performed using the Prism 3 software (GraphPad, San Diego, CA, USA).
RESULTS
Baboon weight was similar before (mean ± SD: 13.8 ± 2.4, median: 13.20 and range; 9.95 -17.6kg) and after induction of endometriosis (mean ± SD: 13.14 ± 2.3, median: 12.8, range; 9.5 -17.3kgs).
Macroscopic endometriotic lesions: number, surface and ASRM classification
On day 1 after induction (Part 1 of the study), only a few macroscopic lesions compatible with endometriosis were observed in the 3 baboons from endometrial supernatant group (2, 4 and 2 lesions in each of the 3 baboons, respectively) and in the 2 baboons from PBS group (2 and 4 lesions in each of the 2 baboons, respectively).
On day 6 after induction (Part 2 of the study), dense adhesions were noted in all 5 baboons of the endometrial pellet group, but no adhesions were observed in baboons from the endometrial supernatant group (0/5) or PBS group (0/5). The total surface area of endometriosis lesions was significantly higher (p = 0.0024) in the endometrial pellet group (9.05±14.6, 3, 0.25-75) than in the endometrial supernatant group On day 25 after induction (Part 2 of the study), dense adhesions were noted in all five baboons of the endometrial pellet group and no adhesions were observed in either endometrial supernatant group or PBS group. The number and surface area of endometriosis lesions and ASRM classification of endometriosis are shown in Table 1 and in Table 2 . Examples of macroscopic white and red lesions are shown in Figure 2 . The proportion of baboons with ASRM stage II or III endometriosis was significantly higher (p = 0.048) in the endometrial pellet group (4/5) than in the endometrial supernatant group (0/5). The total number of macroscopic lesions was significantly higher (Kruskal-Wallis test, p = 0.027) in the endometrial pellet group than in the endometrial supernatant group or in PBS group ( Figure 3C) . In a separate analysis (MannWhitney test) the total number of macroscopic endometriotic lesions was significantly higher in endometrial pellet group (p = 0.012) or endometrial supernatant group (p = 0.02) when compared to the PBS group ( Figure 3C ) separately. Furthermore, the total number of macroscopic endometriotic lesions was significantly higher in the endometrial pellet group (p = 0.01) than in the endometrial supernatant group ( Figure  3C ). The total surface area of macroscopic lesions was also significantly higher in the endometrial pellet group when compared to the endometrial supernatant group or PBS group ( (p < 0.0001, Table 2 ). The number of endometriotic lesions and the endometriosis surface area for either red or white lesions were comparable on day 6 and day 25 after induction in all groups.
Red and white lesions
On day 25 after induction, both the number (p = 0.005) ( Figure 3A ) and the surface area (p = 0.005) of red lesions was significantly higher in the endometrial pellet group than in the endometrial supernatant group or in the PBS group. More (p = 0.0019) red lesions occupying a significantly larger surface area (p = 0.015) were observed in endometrial supernatant group when compared to PBS group (Table 2) .
On day 25 after induction, both the number (p = 0.0015) ( Figure 3B ) and the surface area (p = 0.0023) of white lesions was higher in the endometrial pellet group than in the endometrial supernatant group or in the PBS group. The number of white lesions was significantly higher in the endometrial pellet group (p = 0.0112) when compared to the PBS group ( Figure 3B ). The surface area covered by white lesions was significantly higher (p = 0.007) in the endometrial pellet group than in the endometrial supernatant group (Table  2 ). Fig 2A) and, macroscopic red (hemorrhagic peritoneal area Fig 2B) lesions observed in baboon PAN 2955 6 days after induction with endometrial pellet.
Histological analysis
On day 1 after induction stromal endometriosis without glandular component was observed in 38% (3/8) biopsies from the endometrial supernatant group and in 0% (0/6) biopsies from the PBS group.
On day 25 after induction, the histological confirmation rate for typical endometriosis was only 6.7% (1/15) for the endometrial pellet group ( Figure 4C ) and was absent in the endometrial supernatant group 0% (0/12) and PBS group 0% (0/3). Stromal endometriosis without glandular component was observed in 40% (6/15) biopsies from the endometrial pellet group, in 25% (3/12) biopsies from the endometrial supernatant group (Figure 4B) , and in 0% (0/3) biopsies from the PBS group. Peritoneal endometrial-like glands were observed in 20% (3/15) biopsies from the endometrial pellet group (Fig 4, D-F) , in 8% (1/12) biopsies from the endometrial supernatant group (Fig 4A) and 0% (0/3) biopsies from the PBS group. Taking into account all biopsies (n=27) taken from baboons induced with endometrial pellet or supernatant on day 25, and including peritoneal endometrial-like glands without surrounding stroma as "histological endometriosis", the overall total histological confirmation rate was 52% (14/27), being 66% (10/15) in biopsies obtained after endometrial pellet induction and 33% (4/12) in biopsies obtained after endometrial supernatant induction. The biopsies obtained in the PBS group did not show any endometrial glands or stroma, but showed some degree of fibrosis .
Immunohistochemistry
The majority (71%, 5/7) biopsies with stromal endometriosis were stained positively for CD10, with cytoplasmic-specific staining ( Figure 5D & F) being present in most stromal cells ( Figure 5B ).
Cytological analysis of menstrual endometrial pellet and endometrial supernatant
Cytological analysis of the menstrual endometrial pellet showed many clusters of endometrial cells, but cells could not be counted reliably individually as they were too packed together to allow individual counting (n=4). Endometrial supernatant samples contained some hemorrhage and loose endometrial-like stromal cells that appeared in a much lower density than in the pellet samples, with an estimated median of 1012 (range 190-3572) cells per high power field (at 200x magnification).
DISCUSSION
In this study, we confirmed our hypothesis that endometriosis can be induced in baboons more successfully by intrapelvic injection of the pellet of menstrual endometrium when compared to intrapelvic injection of its supernatant. After intrapelvic injection of menstrual supernatant, the induction of endometriosis was caused by a few endometrial cells, or by soluble substances present in the endometrial supernatant, as has been proposed in the induction theory for endometriosis.
According to the induction theory, tissues derived from coelomic epithelium, such as peritoneum, may differentiate into mullerian-directed epithelium, mediated by unknown soluble factors contained in retrograde menstrual flow (25). In earlier studies (8), it has been reported that dying endometrial tissue releases substances that activate undifferentiated mesenchyme to form endometrium in the peritoneum. In a rabbit model (9) a noncellular diffusible substance from adjacent endometrial implant was reported to have the capability to stimulate or induce epithelial differentiation of connective tissue into endometrial-like epithelium and glands, but histological interpretation of the data presented in this study (9) does not allow a clear-cut conclusion with respect to the endometrial nature of these lesions. In an in vitro model using human ovarian surface epithelial cells it has been demonstrated that endometriotic lesions can arise by a process of metaplasia from the ovarian surface epithelium, manifesting as a gradual and serial change from the adjacent mesothelial cells (13). In a previous study the surface mesothelium of pelvic peritoneum adjacent to active endometriosis was shown to undergo a sequence of reactive change from flat cell to cuboidal or columnar epithelium (26;27). In vitro studies also have shown that cells isolated from menstrual effluent induce changes on mesothelial morphology without causing apoptosis and necrosis (14), as well as in cancer cells (28). Higher number of red (A) and white (B) and total (C) lesions 25 days after induction with endometrial pellet when compared to induction with endometrial supernatant. The few lesions observed in the PBS group were all histologically negative for endometriosis. *P < 0.05
We speculate that the supernatant fraction of menstrual endometrium harbours molecules that are capable to induce the development of stromal or glandular peritoneal endometriosis in peritoneum, in view of the small amount of endometrial cells observed in menstrual supernatant. The exact nature of these inducing factors is still elusive and needs further investigation. Hepatocyte growth factor is a possible candidate as it has been described to be increased in PF from women with endometriosis compared to controls, to be present in endometriotic stromal cells, to induce critical changes in the morphology of mesothelial cells and to enhance endometrial cell attachment and invasion (29) . It is also likely that both menstrual phase endometrium and menstrual phase peritoneum are involved in this process, as we previously described that both menstrual endometrium and normal macroscopic peritoneum obtained during the menstrual phase contain more inflammatory cytokines, growth factors, adhesion factors and metalloproteinases in women with endometriosis when compared to women with a normal pelvis. (30;31;32) . Women with endometriosis are known to have substantial alterations in their peritoneal microenvironment (33;34) that precede disease development or support the disease process including overtly enhanced angiogenesis (35) , increased levels of inflammatory cytokines and macrophages (36;37).
The interpretation of our data in support of the induction theory is marked by several limitations. Firstly, it cannot be excluded that endometrial cells present in the endometrial supernatant were still the major factor leading to the development of endometriosis lesions by endometrial-peritoneal attachement and implantation. Indeed, we reported the presence of some endometrial cells in the supernatant fraction of menstrual endometrium obtained from 4 baboons in an additional experiment, using exactly the same protocol as in the main study. In future research, this limitation can be overcome by intrapelvic injection of the filtered cell free fraction of endometrial supernatant fraction, or injection of the cell free supernatant of cultured endometrial cells. Secondly, all baboons had at least one menstrual cycle before induction, raising the possibility that retrograde menstruation (38) was a cofactor in the development of endometriosis lesions. However, this limitation seems to be less important since no microscopic endometriosis was identified in serially sectioned biopsies in the control group (PBS) from our study, which had also been exposed to at least one cycle of menstruation. Nevertheless, this limitation can only be overcome by studying baboons that have had tubal sterilization before their first menstruation.
Based on data from our current study and previous studies (15;39;40), the injection of whole menstrual endometrium, a combination of endometrial menstrual cells and endometrial menstrual supernatant, is more successful (100% induction rate) for the induction of endometriosis than intrapelvic injection of the endometrial menstrual pellet without supernatant (at most 66% in our study, see Results section), which was in turn more successful than intrapelvic injection of menstrual endometrial supernatant including a much lower amount of endometrial cells (at most 33% in our study, see Results section). We hypothesize that both endometrial menstrual cells and menstrual fluid are essential components for the development of endometriosis. Although endometriosis was more efficiently induced (higher number and larger surface area of macroscopic lesions) by intrapelvic injection of menstrual endometrial pellet than after intrapelvic injection of the menstrual endometrial supernatant, the prevalence of typical endometriosis containing both glands and stroma was much lower (7%) in biopsies after intrapelvic injection of menstrual endometrial pellet in the current study than observed within 25 days after intrapelvic injection of whole menstrual endometrium (15;39;40;41). An alternative explanation is the possibility that intrapelvic injection of separated menstrual endometrial pellet or menstrual endometrial supernatant leads predominantly to stromal endometriosis, observed as early as 1 day after induction, and that the histogenesis of typical endometriosis requires more than 25 days in both groups. These data provide a scientific basis to integrate the induction theory into the Sampson hypothesis that endometriosis is caused by regurgitation and subsequent peritoneal implantation of endometrial cells during retrograde menstruation (2) . This theory is supported by substantial clinical, epidemiological and experimental evidence, as reviewed before (42) . Indeed, various in vitro and in vivo studies have also shown that endometrial cells can adhere to and infiltrate the peritoneal surface (7;43;44; 45;46). The histogenesis of stromal endometriosis can be explained by adhesion/infiltration in the endometrial pellet group and by induction of peritoneal metaplasia or by adhesion of endometrial cells in the endometrial supernatant group. In vitro human studies have shown that endometrium can adhere to autologous peritoneum in vitro within 2 days (7). Our in vivo baboon data revealed infiltration of CD10 positive endometrial stromal cells in the peritoneal surface within 24 hours after induction in both endometrial pellet and supernatant groups. The reported absence of CD10 staining in some biopsies that were histologically strongly suggestive for stromal endometriosis, can be explained by the observation that inflammatory cells co-exist with endometrial stromal cells in endometriosis lesions suggesting an inflammatory infiltration process (23).This explanation is in line with our previous data showing that both menstruation and intrapelvic injection of menstrual endometrium are associated with intrapelvic inflammation (47) .Stromal endometriosis is a well described entity (20;21;23;48), present in up to 45% of endometriosis biopsies (48) , characterized by the absence of endometriotic glands and the presence of microscopic nodules or plaques of endometrioid-type stroma, sometimes with a whorled pattern and prominent vascularity and erythrocyte extravasation (48) . Stromal endometriosis can be found in close proximity with the surface mesothelium suggesting that stromal endometriosis may arise from mesothelial or submesothelial fibroblast cells via a metaplastic process (48;49) . It is also possible that endometrial stromal cells arise from local conversion of mesothelial cells as a result of epithelial to mesenchymal transition, a process behind the development of peritoneal fibrosis in patients on long term peritoneal dialysis (50) . Emerging evidence suggests that epithelial-mesenchymal transitions represent an important source of mesenchymal cells involved in tissue repair and pathological processes (51) . Inflammation and epigenetics may be key inducers especially in organ fibrosis and cancer progression (52) . Epithelialmesenchymal transition involving fibrosis is associated with inflammation, with many types of molecules produced by inflammatory cells and by resident activated fibroblasts (myofibroblasts). These molecules are reported to disrupt epithelial layers through degrading the basement membrane; consequently epithelial cells lose polarity and either undergo apoptosis or epithelial-mesenchymal transition (51;52).
The histogenesis of peritoneal endometrial-like glands without surrounding stroma containing a dilated glandular structure lined by columnar epithelium (suggestive for mullerian type epithelium) observed after intrapelvic injection of either endometrial pellet or endometrial supernatant requires further investigation. When only endometrial glandular epithelium is present, it is frequently difficult to accurately diagnose endometriosis, because this finding could represent endosalpingiosis, a usually asymptomatic microscopic finding (20;22). Endosalpingiosis refers to the presence of tubal-type glands (although if the ciliated cells are few in number, the gland could look like an endometrioid gland) that are thought to arise by a process of metaplasia from the peritoneum (20;22). The peritoneal endometrial-like glands observed may be the consequence of endometrial adhesion (pellet group), induction of peritoneal metaplasia (supernatant group, pellet group), mesenchymal to epithelial transition, but can also be remnants of the Mullerian system. In some cases of ovarian endometriomas, the diagnosis of endometriosis can be strongly suspected in the presence of endometrioid type glands together with hemorrhage in the form of pigmented-laden macrophages (20;48). In these cases, glandular epithelium is present whereas endometrioid type stroma is present only focally or is absent because of repeated hemorrhage and associated fibrosis.
In this study, it was not possible to test the hypothesis that stromal endometriosis and peritoneal endometrial-like gland may just be a transient change, which may disappear spontaneously, or may represent an early form of endometriosis which later develops into typical lesions marked by the presence of both endometrium and glands. In fact, it would be very difficult to design such a study, since it would require to take multiple biopsies of the same endometriotic lesion over time. Indeed, this can be considered to be practically impossible since peritoneal lesions in baboons are too small and since the process of taking a partial biopsy of a specific lesion may directly affect the future immunobiology and histological development of such a lesion.
Remodeling of spontaneous endometriosis lesion, defined by transition between typical, subtle and suspicious implants, has been reported in baboons during longitudinal follow-up studies up till 36 months (53, 54), and suggests that endometriosis in baboons is a dynamic and moderately progressive disease with periods of development and regression and with active remodelling between different types of lesions (42) . This concept of remodelling was shown for the first time in baboons (53) and afterwards confirmed in women with endometriosis (55). In this study, we also observed that some lesions disappeared, emerged, or remodeled between Day 6 and Day 25, even though the total number of endometriotic red or white lesions and their endometriosis surface area were comparable on day 6 and day 25 after induction in all groups. However, the exact quantification of remodelling was not within the scope of this study.
In conclusion, we confirmed our hypothesis that endometriosis can be induced in baboons more successfully by intrapelvic injection of the pellet of menstrual endometrium when compared to intrapelvic injection of its supernatant. After intrapelvic injection of menstrual supernatant, the induction of endometriosis was likely caused by a few endometrial cells, or by soluble substances present in the endometrial supernatant, as has been proposed in the induction theory for endometriosis. Based on this study and on the results of previous studies, we hypothesize that both endometrial menstrual cells and menstrual fluid are essential components for the development of endometriosis. 
